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CONFORM AL C ATHETER V 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Applications no 
60/034,703 and 60/034,704, filed January 3, 1997, which are assigned to the assignee of the 
5 present patent application and incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to cardiac diagnostic and therapeutic systems 
and specifically to invasive medical probes that may be used to map the interior surfaces of the 
heart. 

1 0 BACKGROUND OF THE INVENTION 

Position-responsive cardiac catheters are known in the art. Such catheters are generally 
inserted percutaneously and fed through one or more major blood vessels into a chamber of the 
heart. A position-sensing device in the catheter, typically near the catheter's distal end, gives 
rise to signals that are used to determine the position of the device (and hence of the catheter) 
relative to a frame of reference that is fixed either externally to the body or to the heart itself. 
The position-sensing device may be active or passive and may operate by generating or 
receiving electrical, magnetic or ultrasonic energy fields or other suitable forms of energy 
known in the art. 

U.S. patent 5,391,199, which is incorporated herein by reference, describes a position- 
responsive catheter comprising a miniature sensor coil contained in the catheter's distal end. 
The coil generates electrical signals in response to externally-applied magnetic fields, which are 
produced by field-generator coils placed outside the patient's body. The electrical signals are 
analyzed to determine three-dimensional position coordinates of the coil. 

PCT patent publication number WO96/05768, filed January 24, 1995, which is assigned 
to the assignee of the present application and whose disclosure is incorporated herein by 
reference, describes a position-responsive catheter comprising a plurality of miniature, 
preferably non-concentric sensor coils fixed in its distal end. As in the 5,391,199 patent! 
electrical signals generated by these coils in response to an externally-applied magnetic field are 
analyzed so as to determine, in a preferred embodiment, six-dimensional position and 
3 0 orientation coordinates of the coils. 

Multiple position-sensing devices may be placed in a known, mutually-fixed spatial 
relation at or adjacent to the distal end of a catheter, as described, for example, in PCT patent 
application no. PCT/IL97/00009, which is assigned to the assignee of the present application 
and whose disclosure is incorporated herein by reference. This application describes a catheter 
having a substantially rigid structure at its distal end, to which one or more position sensors are 
fixed. The sensors are used to determine the position and orientation of the structure, 
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preferably for use in mapping electrical activity i„ , he heart . Although the smtcture itself U> 
stbstarmally „g,d, the remainder of the catheter is general* flexible, and the position sensors 
do not prov.de coordinate information regarding any points on the catheter proximal to the 
structure. 

PCT publication WO95/04938, which is also incorporated herein by reference, describes 
a mtntature magnetic field sensor coil and method of remotely determining the coil's location 
The sensor cod may be used ,o determine the spatial configuration or course of flexible 
endoscope wtthtn the body of a subject in one of two ways: (1) By passing the coil through an 
nternal lumen of the endoscope, for example, the endoscope's biopsy tube, and externally 
tractang the cod's location while ,he endoscope is held stationary; or (2) By distributing 
plurahty of the cods, preferably about a dozen, along the .ength of the endoscope and 
determmtng all of the coils' locations. The position coordinates determined with respect ,o each 
locatton of the coil (when a single coil is used) or ,o all the coils (when the plurality of cods are 
used) are taken together to interpolatively reconstruct the spatial configuration of the 
endoscope wttnm ,he intestines of the subject, for example, and thereby estimate the 
corresponding spatial configuration of the intestines. 

The accuracy of this endoscope in estimating the spatial configuration of the intestines 
depends on having a relatively large number of position measurements and/or of coils Passing 
the co, (or other sensor element) through a lumen in the endoscope is time consuming and 
phystcally „o. practical for use in thin probes, such as cardiac catheters that must be passed 
through b ood vessels. Using a large number of coils, however, undesirably increases the 
weight and cost of the catheter and reduces its flexibility. 

US. patent 5,042,486, whose disclosure is further incorporated herein by reference 
describes a method of locating a catheter within the body of a subject, genera.ly within a blood 
vessd by tracktng the position of an electromagnetic or acoustic transmitter or receiver in the 
up of the catheter. The position readings are registered with a previously acouired X-ray image 
of the Wood vessel. This method is practical, however, only when the catheter is moving within 
a vesse or other physiological structure that defines a narrow channel within which the 
catheter s movement is constrained. 

PCT publication WO 92/03090, whose disclosure is also incorporated herein by 
reference, descnbes a probe system, such as an endoscope, including sensing coils mounted at 
spaced pos,t,ons along the probe. An array of antennas in a vicinity of the probe are driven by 
AC electrical s.gnals, so as to induce corresponding voltage signals in the sensing coils These 
signals are analyzed to determine three-dimensional coordinates of the coils. The locations of 
points along the probe, intermediate a pair of the sensing coils, may be determined by 
interpolation between the respective coordinates of the coils. 
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SUMMARY OF THE INVENTION 

, U I! a " ^ ° f the Present invention t0 P^vide a flexible catheter, for insertion into a 
cavity in the ody of a subject, wherein the catheter curves to conform to an inner surface of 

ITT h t C T and/0f P ° Siti0n ° f Cath6ter Within the ^ « ^termined using 
sensors fixed to the catheter. * 

It is a further object of the present invention to provide a method of determining the 
course of the catheter within the body. «enraning the 

within hT "T?** PrCSent inVCnti0n ' the Course of ^ catheter may be determined 
wihm b o dy cavmes, m which the catheter is free to move in three dimensions, and not only 
within constraining lumens as in the prior art. 

ch amh 11 l s ,ri er obj r of ,he presem inven,ion ' ,o pr ° vide «■»«« for "—*» 1« a 

chanber of .he subject's heart, for purposes of diagnostic mapping and/or therapeutic treatment 
tn he mtenor of the chamber, along with methods for determining ,he course of the distal end 
of the catheter inside the heart chamber. 

tre* J', iS f !', i ", a ^ ° bjeCt ° f PreSeM i " Ven,i °" ,0 pTOvide a ™' h °° of therapeutic 
treatment of the heart using the catheter. 

In preferred embodiments of the present invention, a flexible catheter, having a distal 
end for msertton into a cavity within the body of a subject, comprises firs, and second position 
«nsors, fixed m a known relation to one a„o.her and to the distal end. The position sensors 
generates S ,jmal s responsive to position coordinates .hereof. The position-responsive signals 
are processed jointly ,o de,ermi„e .he positions of a plurality of points along the length of the 
catheter, mside the subject's body. 

Most preferably, a. least one of the position sensors comprises a plurality of magnetic 
field-responstve cods, as described in the above-mentioned PCT publication WO96/05768 
whch enables aix-dimensional posi.ion and orien.afion coordinates of the sensor to be 
determmed. The other of the position sensors preferably comprises a similar plurality of coils 
or, alternauvely, it may comprise a single coil, as described in .he above-mentioned 5 391 199 
patent. Further alternatively, any suitable position sensors known in the art may be us'ed «,ch 
magnetic or acoustic sensors, as long as the .hree-dimensiona. position 
coordinates of both the sensors and the three-dimensional orientation coordinates of a, leas, 
one of the sensors can be determined from the sensor signals The coordinates of the first and 
second sensors are determined and taken together with other, known information pertaining to 
curvature of the catheter intermediate the firs, and second sensors, as will be described below 
to find the positions of a plurality of points along the length of the catheter in a vicinity of the 
hrst and second sensors. 

In preferred embodiments of the present invention, the catheter is fed forward into a 
cavity of the body, for example, a chamber of the heart, the portion of the catheter intermediate 
the first and second position sensors is pressed against an inner wall of the cavity. Preferably 
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the catheter includes, along its length, one or more comae, sensors, for example pressure o r - 
proximdy sensors, as are known in the art, for verifying ,ha, the catheter is in 
ufficently c ose proximity ,o the wa„. The known coordinates of the firs, and second posh 
e sors are hen taken together with known features of the interna, topography of the ZZ 

TITO 77? ° f ^ ra,he ' er "* P ° SitbnS ° f « he <*i- 

The topogrphical features may be known, f„ r exam P ,e, based on a previously- or 

mtTT y r: red ; ,,rasound or x - ray imase - ° r -« *» 

It el ! f k ° ^ " 50 35 '° ^ 2 «— * «*» force per 

un length t , he m wa „ of ^ ^ ^ ^ ^ P 

catheter, deformation of the wall is assumed to be minimized 

more hf,"" emb ° dime " ts of the P re ""' '"vention, the catheter includes one or 

more bend sensors, wh,ch generates signals responsive to a bend radius of the catheter in a 

60/0 ,703, which is assigned to the assignee of the present paten, application, and whose 
in finding the positions of the plurality of points along the catheter 

„hv S Wo" T T" emb0dime " ,s of «* P~- • i-ention, the catheter includes 
Physiological sensors, for example, electrophysiological sensing electrodes, spaced along i, 
fcngth. These sensors ate preferably used to generate a map of physiological activity as 
function of position within the body cavity. activity as a 

In further preferred embodiments of the present invention, the catheter includes 
thempeutic devices at some or a„ of the plurality of points along its length. ,„ one f h 
preferred embodiments, for example, the therapeutic devices comprise » "ablatio d^ 
* ™ * ««• ■»» - -focardium by appropriately positionta The 

Tl " Th- 6 T' "°" ^ ^ ~ " * *~ .issue £ 

•h. path. This method can be used in treating various conduction defects within die heart 

:^ performin8 " maze procedures " as - * - «v* **£ts 

in,, • f 7^ y : SUC " ' heraPeU,i ° me ' h0dS USi " g the Ca,he,w are P~«W by mapping the 

h i , 6 "rt' ^ 85 Chamber ° f ^ »* *- P^gic^ 
on the catheter, as described above, or imaging methods known in the at, The course of the 

^ r : ,h : ,h v avi,y ' wwch is *™ b - d - of ^ position hi 

»sots may hen be registered with a map of the cavity, so as ,o ensure .hat the therapy is 
administered along the desired palh. Py 

In one such preferred embodiment, the RF ablation electrodes also serve as 
electrophysiological sensing electrodes when they are no. being used for tissue ablation The 
signals received from the electrodes are preferably analyzed and used ,o map electrical activity 
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^SltST" ,0 ascertain ,hat ,he eterodes are suitab » — • — 

While preferred embodimen, s of the present invention are generally described herein 
wt,h reference to ,„o position sensor, i, wil, be appreciated tha, the inven ive principle I 
hey embody may be similarly applied to catheters, or ,o other probe, having a arge, » 
of posmon sensor, Preferably, however, the nu ra ber of such sensors is held to the minim m 

i^.f7T ^ deSired aCCUraCy ° f «"* P— "ty of points alon T 

length o the catheter, generally along the portion of the catheter adjacent the distal end thereof 

It wdl also be appreciated that although the preferred embodiments described herein 

make reference ,o catheter, and particularly to intracardiac catheters, i, wil, be appreciated that 

1t p r ; presem inventbn may *** 66 <° «■» w- °f ™*S 

probes, such as endoscopes. 

There is therefore provided, in accordance with a preferred embodiment of the present 
invention, mvasive probe apparatus including: P 

and includtr Cl0n8ate ^ ^ & *" ** * "° * ^ 

first and second position sensors, fixed in a known relation to the distal end 
which generate signals responsive to position coordinates thereof; and 

at least one contact sensor along a radial surface thereof, which generates 
signals responsive to contact of the radial surface with a surface inside the body and 
signal processing circuitry, which receives the position-responsive and contact- 

h IT r ^ P r eSSeS th6m t0 d6termine ,OCat5 ° nS ° f a » of Points along 
the length of a port™ of the probe in a vicinity of the first and second position sensors 

There ,s further provided, in accordance with another preferred embodiment of the 

ZZTT** 3 T?' determininS C ° UrSe ° f an P-be inside the 

body of a subject, including: 

bringing the probe into contact with a surface inside the body having known 
topographical features, along a portion of the length of the probe; 

finding position coordinates of first and second points on 'the portion- and 

the firJInr^ C0UfSe ° f P ° rti0n featUreS ' USing the P 05 * 0 * coordi -tes of 

the tirst and second points. 

J 116 ' 6 - 8 additi ° na,,y ^ aCC ° rdanCe a P referred embodiment of the 

present mvention, a method for mapping electrical activity in the heart of a subject, including- 
inserting an elongate, flexible probe into the heart; 

above- a d n 7 miininS C ° UrSe ° f thC Pr ° be inside the heart > acc °rding to the method described 
receiving electrical signals from heart tissue adjacent to the probe. 
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Moreover in accordance with still another preferred embodiment of the . present" 

provided a method * ta — — ~ — ^r: 

inserting an elongate, flexible probe into the heart- 
above; tT*** the course of the probe inside ,he hMn ' accordins to ,he mahod *-*- 

ablating heart tissue adjacent to the probe. 

The present invention will be more fully understood from the following detailed 
descnpnon of the preferred embodiments thereof, taken together with the drawings in which 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a conformal catheter system, in accordance with a 
preferred embodiment of the present invention; and 

Fig. 2 is a schematic, partly sectional illustration showing the catheter of Fig 1 inserted 
mto a human heart, in accordance with a preferred embodiment of the present invention 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference is now made to Fig. 1, which schematically illus.ra.es a confortnal catheter 
20, .„ accordance w,.h a preferred embodiment of .he present inven ,io„, inserted into the h rt 
of a subject, and a proximal end 24, which is coupled .o a control console 26 

Adjacent to distal end 22, catheter 20 includes a firs, posi.ion-sensing elemen, 28 and 
primal thereto, a second position-sensing dement 30. Elements 28 and 30 define a generally 

zz™ 6 r r ,a " y orthosooai ' "° n ~ ric «*• as - pct p«on 

WO96/05768, wh,ch generate sig^ls responsive to magnetic fields applied by field generators 
32. These ^.gnals are conveyed via wires 34 to signal processing and computing circuitry 36 in 

C, euttry 36 analyzes the stgnals, as further described in the PCT publication in order to 

to Z 6 ! S r di T i0 ; a ' ,ranSlati °" ai ^ 0rien,a,i0 " a, C °° rdi " a,eS ° f — — ^ and 30 
m relation to a frame of reference established by generators 32 

_ Fig. 2 schematically illustrates the insertion of catheter 20 into right atrium 62 of a 
human hear, 60, ,„ accordance with a preferred embodiment of the present invention The 

wall 64 of amum 62 agamst wh,ch the catheter is brought to bear, in response to axial force 
exerted from the proximal end of the catheter. 

nreferah?t ShaPe T "*" " " ^ C0U '" ° f P ° rti °" 40 a « ai "* *• wall are 
Preferably known ,„ advance of inserting catheter 20 into atrium 62. The shape and desired 

cour* may be denved from images of heart 60 acquirer, by any means known in the art, s„ 

ma bTr H h ^ " °' her ima8i " 8 m ° da,ity ' «* - *** — 

may be found by mappmg the in.erior of heart 60, as described in the above-mentioned PCT 

apphcanon PCT/IL97/O0O09 or in U.S. patent application no. 08/476,200, filed June 7 

995, whtc are asstgned ,o the assignee of the present invention, and whose disclosures are 

ncorporated herein by reference, or by other mapping methods known in ,he art Three- 

ZZte 7T * *— 28 a " d 30 a " d *™ '—a, orientation 

•Mttata of a, leas, one of the elements are determined and are referred to the known shape 
■n order to ascertatn that portion 40 of ca.he.er 20 is anayed along the desired course in 
«tt wtth wa 64. Preferably, portion 40 is sufficiently and homogeneously flexible, so Z to 
ex«, a umform force per unit length against wall 64. Thus, in defining the curvature of ,he 
portion, deformation of the wall is assumed to be minimized. 

and b,^™, 8 a8ai " ,0 ^ '' Ca ' haer 20 Preferab ' y inC ' UdeS 0 P ti0nal 70 
»d ablation electrodes 72 (which are omitted in Fig. 2 for clarity). The output signals of 

nT* ,77 ™ ^ * 34 '° Si8 " al * ««* analyzes 

— Tti 6 " ^ 20 " ^ a ' 0ng ,he ° f P° ni °" <° with 

wall 64. If ,he output stgnals of all of sensors 70 indicate that the sensors are a, roughly equal 
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respective positive pressures, due to force exerted between portion 40 and wal. 64, it can then 
e assumed that portion 40 is conforming ,„ the shape of the wa„, which has heen previous 
determtned as descnbed above. Proximity sensors or other sensors known in the art may be 

T ' " 70 " bC UnderSl ° 0d "»< *« "> "» a greater or lesser 

number of pressure sensors or other sensors on catheter 20 than the three sensors 70 shown in 
Fig. 1, or no such sensors at all. 

of ca.he^t n ft eleC,r0deS " ^ U " dCT ** C0Mrol ° f > « od-r user 

of catheter 20 from console 26 „ wires 74, so as to ablate a row of desired sites that are 

adjacent to the electrodes on wall 64. Catheter 20 may include more or fewer ablation 
electrodes 72 than the s,x electrodes shown i„ Fig . or „ 0 ab|ation eterodes ^ 
devices, known in the art, may also be used. 

Pressure sensors 70 and ablation electrodes 72 on catheter 20 are useful in performing 
certam .herapeuuc procedures. For example, catheter 20 as shown in Figs. , and 2 may be 
used to perform a -maze" procedure, known in the art for treatment of atrial fibrillation (AF) 

irrr rt'T t* inveMio^ '• the physi ° ian ■ ^ - «*- ««- 

along atna, wail 64 that should be ablated in order to intenup, abnormal conduaion paths in 
,he heart nssue that cause AF. Catheter 20 is inserted into hear, 60 and portion 40 thereof is 
posmoned along this course, in contact with wall 64, as described above. Electrodes 72 are 

t\TTT emire C0U,5e SimU " anMUS <* " ith *™« ^eed and accuracy than 

are afforded by present methods of performing the ma* procedure. Multiple courses may 
ft. ably be detemaned, and portion 40 of catheter 20 may be repositioned and operated to 
ablate each of the courses in succession. 

used In "I ° the f P J efemd emb ° dimen,S of *• P re «« i-ention, sensing electrodes may be 
used ,n p ace of ablafon electrodes 72, in order to map electrical activity within the hear, tissue 
A map of ,he mtenor of hear, 60 that is generated using this method may then serve ,o guide 
therapeultc procedures, such as the "maze" procedure described above 

„ M °K f SPeaki " 8, Whi ' e ' he ralmi of ^ present invention have 

been descnbed herem with reference to two position-sensing elements 28 and 30 i, will be 
appreciated ,ha, for some applications, catheter 20 may preferably comprise a greater number 
of posuton sensors and/or of bend sensors. Such additional sensors may be particularly useful 
when a ponton of the leng,h of ,he catheter must be tracked within a convolved passage or 
when the catheter is brought ,o bear against and is desired to conform ,o a convoluted surface 

rJl7, T n, u T ^ h ° wever ' ,he number of "* sens ° rs is 10 «» 

le^K L 1' aCCUraCy ° f de,ermiMli0 " ^ *• Plurality of points along ,he 

length of the catheter. 

Furthermore, in other preferred embodiments of the present invention, other devices 
and methods may be used to determine the curvature of portion 40 of catheter 20, for example, 
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as described in the above-mentioned U.S. provisional patent application no. 60/034 703 and ■ 
incorporated herein by reference. 

It will be appreciated that although the preferred embodiments described above make 
reference to mtracardiac catheter 20, the principles of the present invention may similar" 
apphed to o*er types of catheters, as well as other flexible medical probes, such as endoscopes 

It w,U also be appreciated that the preferred embodiments described above are cited b V 
way of example, and the full scope of the invention is limited only by the claims 
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CLAIMS 

1. Evasive probe apparatus comprising- 

oo mP Hir b,e ' eionsate probe - ha ™ 8 a distai end f ° r inser,i ° n in, ° *• ■ 

5 first and second position sensors, fixed in a known relation to the distal end 

which generate signals responsive to position coordinates thereof and 

at least one contact sensor along a radial surface thereof, which generates 
stgnaU response to contact of the radial surface with a surface i„ si de the body and 
stgnal processing circuitry, which receives the position-responsive and 'contact 
10 response signals and processes then, ,o determine ,he locations of a p urafity o ponTX 
.he length of a portion of the probe in a vicing of «he firs, and second Virion sensors 8 

L l CCOrdi " 8 '° daim '• Wherei " 3t leMt ° ne ° f ,he P° siti0 " «■» comprises at 

leas, one cod, which genera.es signals responsive .o an ex.ema„y-a P p,ied magnetic field 

15 L AP r ,US aCCOrdi " 8 l ° CUim '• ^ * he Si * nal " rocessi "8 circuitry determines six- 
15 d.mens.onal position and orientation coordina.es of a, leas, one of the position sensor. 

4. Apparatus according to claim 1 , and comprising a bend sensor. 

pressureTr * ^ ^ "* " ~ — • 

20 L-ST aCCOrdi " S '° daim '• Wherei " * — * 

7. Apparatus according ,o any of the preceding claims, and comprising an abla.ion device 
disposed along the length of the portion of the probe. 

LrodeTa^T 7**? ,'° *" "* aMati ° n **» "I*" « » » 

electrode, radially disposed along the length of the portion. 

9. Apparatus according to claim 8, wherein the a, leas, one RF electrode comprises a 
longitudinal row of electrodes. comprises a 

10. Apparatus according to anv of claims i 6 ™~ , . 

disposed along the length J**j£JZ£ ** * ***** "~ 

30 iS^tSST determinins the course of an elongate - flexib,e probe inside the bod * 

bringing the probe into contact with a surface inside the body having known 
topographs! features, along a portion ofthe length of the probe- 

finding position coordinates of first and second points on the portion; and 
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Ji'zzz* of ,he ponion " ,h ,hc features - — ,he *— «*- * 

12. A method according ,o claim 1 1 , and comprising determining ,he ,oc at i ons „. pluraIity 
poinfs afong the ,ength of ,he ponion of ,he probe, in contact wifh the surface inside 

13. A method according to claim . 1, wherein finding position coordinates comprises finding 
six-dimensional translation and orientation coordinates. 

K A method according ,o claim 11, wherein registering the course of the portion with the 
features comprises measuring a bending angle of the probe. 

orobe 0!,^ aCC ° rdi " 8 ,0 C ' aim "• C ° mpriSing meaSUri "« ' V™»»° ^ried by the 
probe on the surface so as to verify the registration of the course of the portion of the probe. 

1 , fT!^ aCCOrdi " 8 '° C ' aim ' '• ^ COmprfSing measuri "8 « Proximity of a point along 

?C5£ 10 ,he so as t0 verify ,he regis,ra,ion of ,h = — ° f *• 

the surflTh d h7 di " 8 ,0 T' C ' aimS ' '"' 6 ' Wherei " bri " 8 ' he Pr ° be '" ,0 

the hear, of a subject, and wherein registering the course of the probe with the features 

comprises regtstering the course of the probe wifh the features of the Jill. 

18. A method for mapping electrical activify in the hear, of a subject, comprising- 
inserting an elongate, flexible probe into the heart 

17; and de ' eminin8 ' he C0UrSe 0f ,he ^ ">e heart, according ,o .he method of claim 
receiving electrical signals from hear, tissue adjacent to the probe. 

19. A method for invasive .herapeutic treatment of the heart of a subject, comprising 
inserting an elongate, flexible probe into the heart; 

17; and de,ermi " inS ,lK ° f ,hC pTObe inside wording ,o ,he method of claim 

ablating heart tissue adjacent to the probe. 

20. A method according to claim 19. wherein ablating heart tissue comprises ablating tissue 
at a row of s.tes longitudinally disposed along the course of the probe. 

21 A method according to claim 20, wherein bringing the probe into contact with the 
features compnses bending a portion of the probe into a non-linear shape against the features 
and wherem ablatmg Ussue at the row of sites comprises ablating tissue at sites disposed in non- 
linear mutual orientation along the bent portion of the probe. 
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» A method according ,o claim 22. wherein receiving the electrical signals comprises 
recetvtng stgnals from electrodes tha, are used in ablating the hear, tissue adjacent ,o the prZ 
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